Background: Recent attention has sought to standardize hand surgery training in the United States. This study analyzes the variability in operative hand experience for orthopedic and general surgery residents. Methods: Case logs for orthopedic and general surgery residency graduates were obtained from the American Council of Graduate Medical Education (2006-2007 to 2014-2015). Plastic surgery case logs were not available for comparison. Hand surgery case volumes were compared between specialties with parametric tests. Intraspecialty variation in orthopedic surgery was assessed between the bottom and top 10th percentiles in procedure categories. Results: Case logs for 9605 general surgery residents and 5911 orthopedic surgery residents were analyzed. Orthopedic surgery residents performed a greater number of hand surgery cases than general surgery residents (P < .001). Mean total hand experience ranged from 2.5 ± 4 to 2.8 ± 5 procedures for general surgery residents with no reported cases of soft tissue repairs, vascular repairs, and replants. Significant intraspecialty variation existed in orthopedic surgery for all hand procedure categories (range, 3.3-15.0). Conclusions: As the model for hand surgery training evolves, general surgeons may represent an underutilized talent pool to meet the critical demand for hand surgeon specialists. Future research is needed to determine acceptable levels of training variability in hand surgery.
Introduction
Hand surgery training in the United States is based on a graduated model of experiential learning that begins in residency and often matures during fellowship. 11 Orthopedic, plastic surgery, and general surgery residency graduates apply for hand surgery fellowships in the United States. However, general surgeons represent a minority of hand surgery fellowship applicants. 6 While the Accreditation Council for Graduate Medical Education (ACGME) mandates hand surgery training for orthopedic surgery, similar requirements do not exist for general surgery. Furthermore, while orthopedic surgery sponsors more than 60 hand surgery fellowship programs, 20 only 1 exists under the auspices of general surgery. 7 These differences may be problematic for standardized hand surgery training in the United States.
The current model for hand surgery training is evolving. Some experts have advocated for extended training via integrated hand surgery residency training while others have advocated for additional hand surgery fellowship years. 11, 22 Elucidation of the number of hand surgery cases performed by surgical residents may inform program directors and governing educational bodies regarding the current state of operative hand surgery training during residency. In addition, a growing need for standardized training exists in today's litigious environment with renewed focus on quality health care delivery.
14 In this study, we determine the interspecialty and intraspecialty variability in operative hand training during surgical residency.
Previous studies have been limited to qualitative studies on the impact of specialty on hand surgery training during residency. 18, 19 Training discipline affects perceived comfort in performing certain hand surgeries, which can affect case selection during independent practice. 2, 13 Currently, little is known regarding the state of hand surgery training during general surgery residency. We hypothesized that orthopedic residents would perform more hand surgery cases than general surgery residents and that significant intraspecialty variation would exist within orthopedic surgery residency programs.
Materials and Methods
Approval was obtained from the institutional review board to review ACGME case logs of chief residents in orthopedic and general surgery. 1 These data represent the cumulative operative experience during residency. At the time of study, the residency review committee for plastic surgery did not permit public distribution of ACGME case logs. Thus, cumulative operative statistics were only available for general surgery and orthopedic surgery residents (2006-2007 to 2014-2015) .
The Tracked Procedures for Specialty by Category document for each specialty was reviewed (Supplemental Tables S1 and S2, available in the online version of the journal). For orthopedic surgery, case volume for "Hand/Fingers" was compared with "Hand" for general surgery. Each procedure category is composed of thematic Current Procedural Terminology (CPT) codes, which are monitored by respective residency review committees and program directors in surgical specialties. For general surgery, the following categories existed: soft tissue repair, tendon repair, nerve repair, vascular repair, replantation, and other. Prior to the 2009-2010 academic year, vascular repair and nerve repair were reported under a single category. In contrast, the following categories existed for orthopedic surgery: incision, excision, intro/removal, repair/ revise, trauma, arthrodesis, amputation, and other.
To describe the intraspecialty variation in operative hand experience during orthopedic residency training, fold differences between the 10th and 90th percentiles were calculated. To compare the cumulative operative experience by specialty, the mean number of cases ± standard deviations was compared with an unpaired student t test using Welch correction for unequal variances. Annual trends in case volume were assessed with 1-way analysis of variance (ANOVA) tests. All statistical tests were 2-tailed and performed on GraphPad Prism 6.02 software (GraphPad, La Jolla, California). P values less than .05 were considered significant.
Results
A total of 9605 general surgery residents and 5911 orthopedic surgery residents were included in this study ( Table 1) [2014] [2015] . Each graduating class of orthopedic surgery residents performed a greater number of hand surgery cases than general surgery residents (P < .001, Figure 1 ). Over the study period, the mean number of total hand surgery cases was stable for general surgery residents (P > .05) but decreased for orthopedic residents (P < .05).
The distribution of hand surgery cases for general surgery residents was investigated in greater detail (Table 2 ). There were no soft tissue repairs, vascular repairs, or replants reported and less than 1 case each reported for tendon repair, nerve repair, and other hand procedures. The average total hand experience for general surgery residents ranged from 2.5 ± 4 to 2.8 ± 5 hand surgery cases.
The breakdown of hand surgery cases for orthopedic surgery residents is displayed in Table 3 . Significant decreases in case volume occurred during 2013-2014 for incision, excision, repair/revise, trauma, arthrodesis, amputation, and other hand procedures (P < .001). Average case volume for intro/removal was stable over time (P > .05).
Fold differences between the 10th and 90th percentiles of orthopedic surgery residents were analyzed (Figure 2) . Overall, the fold difference variation appeared stable over time with the exception of amputations, which decreased from 15. 
Discussion
Operative experience is a critical component of surgical residency, which may increase motivation to seek additional Note. Bars represent mean total case volume. Error bars represent standard deviations. During each year, orthopedic surgery residents performed more hand surgery cases (P < .001). There was a decrease in case volume from 2013 to 2014 onward for orthopedic surgery (P < .001), whereas case volume for general surgery remained stable (P > .05).
subspecialty training. Nonuniform operative experience is an important issue facing prospective residents and the general public. 14 Our study revealed significant disparities in operative hand experience for orthopedic and general surgery residents. We confirmed our hypothesis that general surgery residents would underperform in hand surgery cases during residency. Perhaps unsurprisingly, general surgeons comprise a minority of hand surgeons in the United States as evidenced by the number of general surgeons receiving added qualification in hand surgery. 5 Over the past 5 years (2011-2015), 372 orthopedic surgeons obtained added qualifications in hand surgery versus 50 general surgeons. 3 As previously mentioned, hand surgery is not a core competency of general surgery residency, 6 and the few hand surgery cases reported in our study by general surgery residents may stem from a small cohort at unique programs. Because hand surgery is not an ACGME competency during general surgery residency, general surgery residents may receive limited hand surgery experience during burn surgery rotations. Future studies should assess the current state and perceived need for hand surgery rotations during general surgery residency. In the interim, hand surgery fellowship program directors should be aware of the lack of hand surgery experience by incoming general surgery residents. This study had several limitations which offer future opportunities for research. First, the literature is devoid of evidence suggesting that any of the 3 training disciplines for hand surgery are superior. Thus, greater operative hand surgery experience during residency does equate with greater clinical competency. Second, orthopedic surgery case logs lacked granularity in hand surgery procedure categories, and more specific reporting could facilitate in-depth analyses on the full breadth of hand surgery. Third, plastic surgery was excluded from this study as the ACGME did not make these case logs publicly available.
1 Data for plastic surgery were reviewed by the authors, but these data incorporated nonhand surgery cases under hand surgery categories, which would prohibit reasonable comparisons with general surgery and orthopedic data. Fourth, the findings from this study are predicated on accurate reporting by surgical residents, an assumption that has been challenged for both orthopedic and general surgery residents. 8, 17 And finally, this study focused on operative experience and did not analyze other training experiences in the emergency room or clinic. Arguably, these experiences are critical to developing important skills in case selection and clinical judgment.
General surgery residents may be an underutilized resource to meet the critical demand for hand surgery specialists. 16 Greater than 1000 general surgeons graduate each year with little exposure to hand surgery. A look at the content outline for the American Board of Surgery In-Training Examination reveals general surgery residency curricula are devoid of hand surgery knowledge assessment. 4 In contrast, orthopedic surgeons are routinely tested on hand surgery knowledge during residency and board examinations. 21 To change the status quo, general surgery residents could be afforded greater access to hand surgery rotations starting with elective rotations. The addition of case minimums and regular assessment of hand surgery knowledge would be a critical step toward producing more hand surgeons in general surgery. However, increasing work-hour restrictions and the evolution of general surgery training toward other subspecialties would make this challenging. 12 However, as the discussion for the future of hand surgery training evolves, 11 general surgery could provide a needed base for future generations of hand surgeon specialists.
Great variability in operative hand surgery experience existed for orthopedic surgery residents. Over the study time period, the variability appeared stable except for amputations. These findings are in contradistinction to a previous study, which found decreasing variability in operative experience for orthopedic surgery residents since 2007. 10 A separate study of general surgery residents found increased variability in operative experience after implementation of the 2003 work-hour restrictions. 15 National case logs in orthopedic surgery were unavailable before this time period, but it seems plausible that variability would increase in the era of the 80-hour work-week. Programs have responded differently to these reforms, which restrict the operative experience for general surgery residents. 9 However, future studies in orthopedic surgery are needed to determine the effects of resident work-hour restrictions on operative variability.
As for the etiology of the operative variability demonstrated in our study, residency programs differ in areas of clinical strength and residents differ in areas of clinical interest. Although these factors likely account for some of the variability in our study, future research is needed to define evidencebased case minimums for competency in hand surgery. Residents at low-volume operative programs may receive suboptimal training and may be underprepared for future fellowship training and independent practice. Ultimately, however, the issue of disparate operative hand experience during residency remains a critical but unanswered question.
In summary, this study demonstrated disparities in the number and types of hand surgery cases performed during orthopedic and general surgery residency. Future efforts should define acceptable limits on operative variability during residency training and define evidence-based case minimums in hand surgery. Additional ACGME reporting on the full breadth of hand surgery training including plastic surgery residency could facilitate future studies. Hand surgery fellowship program directors should be aware of the relative deficiencies in operative hand experience during residency by specialty.
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